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h s i r a c t  E x te r n a l  b r e r n s s t i a h lu n g  ( E B )  s p e c t r a  e x c i te d  b y  ' 'P  b e t a  p a r t ic l e s  in  th i c k  ta r g e ts  o f  A l ,C u ,S n  a n d  P b  h a v e  b e e n  s tu d ie d  b y  u s in g  a  h ig h -  
lu K iK )  s c in t i l l a t i o n  d e t e c t o r  A f t e r  m a k in g  th e  n e c e s s a r y  c o r r e c t io n s ,  th e  e x p e r i m e n t a l  d i s t r i b u t io n s  w e r e  c o m p a r e d  w i th  th e  t h e o r e t i c a l  d i s t r i b u t io n s  
im cil lioiii th e  m o d i f i e d  E l w e r l  f a c i o r  ( r e l a t i v i s t i c )  B e t h e - H e i l l c r  th e o r y  fN  B  A v d in in a  a n d  R  H  P r a t t ,  J Phys  B  A t M o l Opt. Phys
] i j f i l ( 1 9 9 9 ) ] ,  T s e n g  a n d  P r a t t  t h e o r y  a n d  E l w c r t  c o r r e c t e d  ( n o n  -  r e l a t i v i s t i c )  B e t h e - H c i t l e r  ( E B H )  t h e o r y .  T h e  r e s u l t s  o f  p r e s e n t  m e a s u r e m e n t s  
w low /  e l e m e n t s  s h o w  a n  a g r e e m e n t  w i t h  a l l  t h e o r i e s ,  w i t h i n  K to  1 0 %  t h r o u g h o u t  t h e  s t u d i e d  e n e r g y  r e g i o n  F o r  m e d i u m  Z - e l c m e n t s ,  th e  
ip L iiin cn ta l r e s u l t s  a r e  in  a g r e e m e n t  w i th  t h e  T s e n g  a n d  P r a t t  a n d  m o d i f i e d  E l w e r t  f a c t o r ( r c l a t i v i s i i c )  B c t h e - H c i t l e r  t h e o r i e s  H o w e v e r ,  f o r  h ig h  Z- 
Lim nis p a r t i c u l a r ly  a t h ig h - e n e r g y  e n d .  th e  c x p e n m e n t a l  r e s u l t s  s h o w  a  b e t t e r  a g r e e m e n t  w i th  th e  m o d i f i e d  E l w e r t  f a c t o r  ( r e l a t i v i s t i c )  B e t h c - H e i t l e r
.e w w o rd s  B r e m s s t r a h l u n g  s p e c t r a ,  b e t a  p a r t i c l e s ,  m e ta l l i c  t a r g e t s  
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• Introduction
riu' external bremsstrahlung (EB) spectra generated by complete 
ibsorpiion of beta particles in thick metallic targets have been 
-iiulicd by various workers by using a high efficiency Nal(TI) 
uniilkuion. Bremsstrahlung from nuclei is an important radiation 
Pit'ccss in plasma physics and astrophysics. ( ^ 7  = I , no) 
I'' an allowed beta emitter with an end point energy of 1.706 
McV. Lidcn and Starfelt [ I], Prasad Babu et a l[2 l Ahmed et al 
I ^ 1 iind Dhaliwal et al [4] have studied external bremsstrahlung 
Irom ^^ P beta particles in various metallic targets. The 
'^ '^ pcnmcntal spectra for medium and high Z -elements were 
to agree with the Tseng and Pratt theory, while for low Z- 
l^emcnis EBH and Tseng and Pratt theories were equally suitable. 
However, a comparison of experimental EB spectra with the 
'^ K^lificd Elwert factor (relativistic) Bcthe-Heiticr ( F ^  BH) theory, 
i^vcn by Avdonina and Pratt (5], is not available in literature. In 
present studies, the comparison of experimental EB specU-al 
i^Mribunons of Al, Cu, Sn and Pb excited by ‘^^P beta particles, 
been made with the various theoretical distributions
obtained from Elwert corrected ( non-relativislic) Bcthe Heiller 
(EBH), Tseng and Pratt and BH theories. In order to exclude 
the uncertainty in the measurement of beta source strength, the 
theoretical and experimental results were compared in terms of 
number of photons of energy k per per unit photon yield 
versus photon energy (k).
2. Theory
Sommerfeld developed a EB theory for non-relativistic electron 
while Bethc and Heitler [6] obtained an analytical expression for
EB cross section [a (A:)] for the relativistic case by neglecting 
the Coulomb field effects of the nucleus by using the Bom 
approximation. Koch and Motz [7] have reviewed the external 
bremsstrahlung studies in detail. Elwert [8] obtained a 
multiplicative Coulomb correction facior Bethe-
Heitler EB cross section,
P j { \-c x p  ( - I n Z a l p j ) )  




where P, and Pf arc the velocities of incoming and oulgoing
cIccirons.This factor was obtained Irom the comparison of non 
relativistic Born approximation and the non - relativistic 
Sommerfcld calculations. Hence, this factor is applicable only 
to non-rclativistic low energy electrons and lails to explain the 
results for high energy region ol bremsstrahlung spectrum, 
where the outgoing electron is slow
More accurate theory lor EB was developed by Tseng and 
Pratt |9| by using the (.screened) scll-consistcnt field wave 
lunctions tor electron- nucleus bremsstrahlung Later on, Selt/er 
and Bergcr|9| incorporated the electron -  electron 
bremsstrahlung contributions to the electron -  nucleus 
bremsstrahlung. Recently, Avdonina and Pratt [5] have shown 
that it IS possible to substantially improve the analytical 
eharaetcri/ation of the coulombic bremsstrahlung cross section 
upto 2 MeV for elements ol the periodic table. They have 
proposed a relativistic modilicalion ol the EJwcrl lactor
by replacing Pat) m relation ( 1 ) with the momentum
,1/
' obtained by using relativistic
kinematics. Here, 7 and 7'^  are the initial and final energies of 
the electrons. In case of low energy electron bremsstrahlung 
Pa ( \ ~ Pi( () - *he non-rclalivistic and relativistic Elwert factors 
arc the same, hence this modification is applicable only m the 
higher energy region of bremsstrahlung spectrum.
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Figure I. E x p e r im e n ta l  s e iu p  d )  s o u ie e  h o ld e r ,  ( 2 )  p e r s p e x  ,« a n d . 
(1 )  per-vpex b e ta  s to p p e r .  ( 4 )  p c i s p c x  .sh ee t. (5 )  c o l l im a lo r .  ( 6 )  e b o n i te  
p l a t e ,  ( 7 )  l e a d  a n n u l a r  r in g ,  ( « )  t o p p e r  p l a t e ,  ( 9 )  l e a d  c a s t l e ,  ( 1 0 )  
N n l ( T l )  c r y s t a l ,  ( I I )  P M T  s h ie ld e d  w ith  in u  - m e ta l  a n d  (1 2 )  i r o n  
c y l in d e r .
A simple analytical expression was obtained for EB cross 
section by using modified Elwcrt factor ( F ^ )  and introduction 
of an empirical high order Bom correction C(r,, Z),
C(T,,Z) = 1 + 0.25 ( Z a f i 2 - T , ) . (2 )
Taking into account the correction (2) and the modification 
of the Elwcrt factor( 1), the bremsstrahlung cross section is given 
by
~ F ^ O  gff ik).
The viirious EB iheories discussed above give the photon 
energy distributions for monoenergctic electron incident on very 
thin targets. However, Bethe and Hcitler [6]) gave an expression 
for EB spectral distribution where a target with N atoms per umi 
volume is sufficiently thick to absorb an electron of energy W' 
The total number of EB photons of energy k arc given by




where (-c/W;. / dx) is the total energy loss per unit path length 
of an electron in a target. In ca.se of a beta emitter with the total 
end point energy of , the bremsstrahlung spectrum is given 
by S(k) i.e. the number of photons of energy  ^ per unit energy 
interval (in r^)per beta disintegration
S{k)= \n{w;,k)p{w;)dw:. (5)
h A
where P{W') dW' is the spectrum of the beta emitter under 
sludy[ 11).
In the present work for thick target, the theoretical EB spcclial 
distributions for Al, Cu, Sn and Pb, excited by beta particles, 
were obtained from EBH, Tseng and Pratt and BH theories 
For Tseng and Pratt theory, the tabulated cross sections given 
by Pratt er al[ 121 were used. Finally, the results were converted 
into number of photons of energy k per m jp -  per unit photon 
yield and plotted against photon energy Ok) as shown in Figures 
2(a-d).
3. Experimental details
The experimental setup shown in Figure 1 used to record the EB 
spectra o f  different metallic targets consisted of a well-shielded 
Nal(Tl) detector (4.5 cm diameter and 5,1 cm thickness) connected 
to a multichannel spectrometer. Most of the experimental details 
are similar to those described earlier by Dhaliwal etal [4]. A ihm 
beta source of ’^ P was placed at distance of 10 cm from the lace 
o f  the detector. A Perspex beta stopper technique was used w 
eliminate the contributions of the internal bremsstrahlung (1^ )' 
the EB generated in the source material, and room background
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0 cci correct information regarding the intensity distributions 
if ED in a target material. Two sets of measuremenU were taken 
ificr calibrating the spectrometer. In the first measurement the 
la r g c i  was placed on the perspex beta stopper on the collimator
of various corrections are explained elsewhere by Dhaliwal et al
[4], These corrections were necessary to transform the spectra 
recorded by the detector into one emitted by the target. The EB 
spectra were then'reduced to the number of photons of energy
H gim  2 (a  ■ d )  P lo ts  o f  n u m b e r  o f  p h o to n s  o f  e n e r g y  k p e r  p e r  u n it  p h o to n  y ie ld  versus p h o to n  e n e rg y  ( e r r o r s  a r c  ly in g  w i th in  th e  e x p e r im e n ta l  
pi'inis and  a rc  q u o te d  in  t h e  t e x t ) .
*ositinn A). This recorded the contributions of EB(targel), IB, 
B(source) and room background. For the second measurement, 
target was placed below beta stopper (Position B) so that 
1C kna particles did not reach it. This measurement recorded 
icamiributions of IB, EB (source) and room background. The 
illerence of the above two measurements gave the EB intensity 
aiming from the target. The measurements were conducted over 
^^»ig intervals of time to improve the statistics of the data to a 
alue better than 3% at 1(X)0 keV photon energy. The experimental 
spectral distributions were obtained by using thick targets 
' ‘Al Cu,SnandPb.
Various corrections, sitph as corrections due to energy 
resolution, iodine K X-ray escape, Compton continuum, detector 
‘^ fkicncy and the corrections for absorption of bremsstrahlung 
'rrair, target materia! and the perspex beta stopper, were applied 
‘^ilre experimentally measured EB spectra. Details for evaluation
k per by dividing by the common channel width. Finally, 
the EB spectra were converted into the number of photons of 
energy k per m^c- per unit photon yield. This procedure of 
comparing the experimental and theoretical EB spectra in terms 
of number of photons of energy k per per unit photon 
yield eliminates the factor due to the beta source strength and 
the errors associated with it. The overall uncertainty in the 
experimental measurements was found to be less than 10 % at 
lOOOkeVfor all cases.
4. Results and discussion
The results of experimentally measured EB spectra from targets 
of Al,.Cu, Sn and Pb for beta particles were compared with 
the spectral distributions obtained from Elwert corrected (non - 
relativistic) Bethe-Heitler (EBH) theory, Tseng and Pratt theory 
and modified Elwert factor (relativistic) Bethe-Heitler theory, 
(F |^ B H ), given by Avdonina and Pratt [5]. Figures 2 ( a-d)
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.shows the experimental and theoretical results in terms of plots 
of number of photons of energy k  per per photon yield 
versus photon energy k. In ease of Al target, the experimental 
results are in agreement with the theoretical distributions 
obtainted from fiBH, Tseng and l^alt and theories, within 
8 to 10 % throughout the studied energy regions ForCu and Sn 
targets, the experimental results arc in good agreement with 
Tseng and Pratt and F„„jBH theories. However, for Pb target 
the experimental results show better agreement with the F^^ |^BH 
theory, particularly at the high energy end. In this case, the 
experimental results arc higher than the Tseng and Pratt theory 
by W'/, a\ 8(K)keV, I(f/, at 1 (XX)keVandl i Y l at 1250keVphoton 
energies. It is concluded that the recently modified Elwcrt factor 
Hethe-Hcitlcr theory shows a better agreement with
the experiment than the HBH and Tseng and Pratt theories for 
high 7.- elements, especially al higher energy ends, while for 
medium Z- elements, Tseng and Pratt and F|j^ ^^ |BH theories arc 
more accurate. However, for low Z-cIcmenis all theories arc 
equally suitable.
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